Essential mechanisms in the catalysis of peptide bond formation on the ribosome.
Peptide bond formation is the main catalytic function of the ribosome. The mechanism of catalysis is presumed to be highly conserved in all organisms. We tested the conservation by comparing mechanistic features of the peptidyl transfer reaction on ribosomes from Escherichia coli and the Gram-positive bacterium Mycobacterium smegmatis. In both cases, the major contribution to catalysis was the lowering of the activation entropy. The rate of peptide bond formation was pH independent with the natural substrate, amino-acyl-tRNA, but was slowed down 200-fold with decreasing pH when puromycin was used as a substrate analog. Mutation of the conserved base A2451 of 23 S rRNA to U did not abolish the pH dependence of the reaction with puromycin in M. smegmatis, suggesting that A2451 did not confer the pH dependence. However, the A2451U mutation alters the structure of the peptidyl transferase center and changes the pattern of pH-dependent rearrangements, as probed by chemical modification of 23 S rRNA. A2451 seems to function as a pivot point in ordering the structure of the peptidyl transferase center rather than taking part in chemical catalysis.